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Introduction:

Early 1990s, Imamura and Aoki developed the elongation method [1-4] in order to efficiently determine
electronic structures of random polymers. Their original idea of the elongation method comes from
experimental polymerization/copolymerization procedures. Contrast to other approximation methods for large
systems, the elongation is fully variational. It is confirmed that the total energies obtained by this method are in
excellent agreement to those by the conventional method. The error of the elongation method is within 1077
a.u/atom [5-7]. The elongation method has been applied to various periodic and/or aperiodic
quasi-one-dimensional systems [8-10] for the electric and optical properties.

However, the original implementation of the elongation method was restricted only to
quasi-one-dimensional systems. It has been questioned whether it is applicable for three-dimensional systems.
In this presentation, a generalized elongation method will be presented for any dimensional systems. Some
benchmark test calculations are presented to show the reliability and applicability of the generalized elongation
method.

Methodology:

Fig. 1 is a schematic show of the generation elongation (G-ELG) method. The blue circles are frozen
units while the red circles are active units. As system is elongated, the active region (within the pink circle) can
be approaching to the previously frozen units, leads to strong interaction between them. The G-ELG method
recognizes this interaction and first re-activates those frozen units. After the elongation SCF converged, the
CMOs will be re-localized so that the next elongation step will be continued without increasing the size of the
interactive region. By repeating this procedure, any random with any-dimensional system can be generated by
the G-ELG method.
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Results and discussion: Fig. 2
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abruptly increased when the eleventh water was involved. While for the G-Elg method, the energy difference is
negligibly small because the second frozen water has been re-activated and included in the interactive space.
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15au and 20au around the attacking monomer will be
re-activated, as shown in Fig. 3. As for different  Table 1
distances, the number of re-activated H,O is given in

Table 1. One can see from Fig. 3, with the increase of ~ Distance (a.u.) Number of re-activated H,O
distance, the energy difference between the 6 5
conventional and G-Elg calculations are decreased.

Therefore, the G-Elg calculation can give the 10 5

satisfactory results for two-dimensional system.

For the three-dimensional system, the stability
energy (SE) of water cluster (H20),, has also been
calculated by using the G-Elg approach. The optimized geometry was taken from the work of Sathyamurthy et
al (as shown in Fig. 4). Compared to the result of Sathyamurthy’s, the stability energy calculated by the G-Elg
method at HF/6-31G(d,p) level is in very good agreement (see Table 2).
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Table 2 SE(kcal/mol)

[11]

Conv
-216.28 (HF) -216.28 (HF)
-68.60 (MP2) -65.72 (MP2)

G-Elg*

In the present work, we showed the effectiveness and efficiency of the G-Elg method for the
one-dimensional, two-dimensional, and three-dimensional water cluster models. The application of the G-Elg
method to other large biological systems of interests, such as protein or DNA is in progress in our lab.
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